Several recent papers have generated new hope about the use of white adipose tissue (WAT)-derived progenitor cells for soft tissue reconstruction in a variety of diseases including breast cancer (BC), a procedure that is increasingly used worldwide. We revised the available literature about WAT cells and BC. In the BC field, we believe that the hype for the exciting results in terms of WAT progenitor cell engraftment and tissue augmentation should be tempered when considering the recent and abundant preclinical studies, indicating that WAT progenitors may promote BC growth and metastasis. White adipose tissue progenitors can contribute to tumour vessels, pericytes and adipocytes, and were found to stimulate local and metastatic BC progression in several murine models. Moreover, there are clinical retrospective data showing a significant increase in the local recurrence frequency in patients with intraepithelial neoplasia who received a lipofilling procedure for breast reconstruction compared with controls. Retrospective and prospective clinical trials are warranted to investigate in depth the safety of this procedure in BC. Preclinical models should be used to find mechanisms able to inhibit the tumour-promoting activity of WAT progenitors while sparing their tissue reconstruction potential.
White adipose tissue (WAT)-derived progenitor cells are increasingly used worldwide for soft tissue reconstruction in a variety of diseases including breast cancer, and encouraging cosmetic and functional results have been reported also in a randomised trial (Trojahn Kolle et al, 2013) . However, recent and abundant preclinical studies suggest that WAT progenitors may promote breast cancer local growth and metastasis. Here, we briefly discuss the surgical use of WAT progenitors in breast cancer, the preclinical data about adipose tissue and WAT progenitor contribution to cancer progression and some possible future therapeutic interventions in this area.
WAT PROGENITORS FOR BREAST RECONSTRUCTION AFTER SURGERY
Breast cancer treatment is currently evaluated on cure rate figures and quality of life, and collaboration between breast and plastic surgeons has helped to decrease the disabling effect of surgical mutilation. Among the plastic surgery techniques currently available to reconstruct the breast, the lipofilling procedure is gaining a major interest. In fact, it is particularly efficient for reshaping the breast after total or partial reconstruction of this organ. The lipofilling technique consists in the localised injection of WAT-derived cells into the area of breast requiring a volume improvement after total breast reconstruction or after a local quadrantectomy or lumpectomy for a conservative treatment. The WAT-derived cells are collected by liposuction from different areas of the body; in most cases, liposuction is carried out on the abdomen or the thigh, and processed by centrifugation (see for a review, Bertolini et al, 2012) . New techniques have been proposed to increase the concentration of WAT progenitor cells by means of an enzymatic treatment of the WAT collection, and several automated devices are currently being tested to enrich the lipofilling suspension for WAT progenitors before injection into the area of the breast to be refilled. In around 30-40% of cases, a reabsorption of the graft is observed; however, according to some authors, this and other similar side effects might be minimised with procedures aimed at increasing the fraction of high-density WAT cell suspensions (Amar et al, 2008) .
origins shaping the tumour microenvironment . Collectively, these cancer-associated fibroblasts (CAF) (Karnoub et al, 2007) deposit extracellular matrix responsible for desmoplasia, stimulate vascularisation and epithelial-mesenchymal transition, as well as mute the antitumour immune response. These effects are executed by angiogenic, immunosuppressive, antiapoptotic and mitogenic factors secreted by CAF . While bone marrow-derived leucocytes functionally contribute to the tumour microenvironment, mesenchymal stromal cells (MSCs) appear to be the predominant progenitors of CAF (Karnoub et al, 2007) . Mesenchymal stromal cells sense cancer as a site of hypoxia/ inflammation, which explains their trafficking to tumours . The trophic tumour milieu is composed of the same cell populations as the stroma/vasculature of WAT that surrounds cancers that are associated with obesity. These observations have led to our original hypothesis that WAT, overgrown in obesity, is a contributor to the pool of tumour stromal cells (Zhang et al, 2010) . Low numbers of MSC are found in the bone marrow, whereas WAT contains large numbers of MSCs. Proliferation of these mesenchymal adipocyte progenitors, termed adipose stromal cells (ASCs), accompanies WAT expansion in obesity and a number of ASCs per gram of WAT increases in obese individuals. Adipose stromal cells contribute to the production of adipokines, the WATderived hormones, cytokines and growth factors. In this context, adipokines have been proposed to account for the link between obesity, manifested as WAT overgrowth, and breast cancer, as well as other cancers (Park et al, 2011) . Although adipocytes, the lipid-storing WAT cells, are mainly active as endocrine adipokine producers, it is possible that ASCs, as well as monocytes/ macrophages, and other WAT-infiltrating leucocytes, may function as disseminators of paracrine adipokines. Systemic mobilisation of ASCs has been reported in obesity and is further elevated in cancer patients (Bellows et al, 2011a, b) , suggesting the possibility of their trafficking to tumours ( Figure 1 ).
There is no evidence that ASCs, or MSCs in general, are directly tumorigenic, although liposarcomas contain an aggressive multipotent malignant population resembling ASCs . However, a body of data indicates that these cells may acquire a tumour-supporting function. By using mouse models, we have accumulated the original evidence that WAT promotes cancer progression by serving as a source of migratory cells secreting trophic factors from within the tumour (Zhang et al, 2009 ). Specifically, we have shown that ASCs can be recruited into tumours (Zhang et al, 2009) where they incorporate into blood vessels as pericytes and differentiate into adipocytes in an obesity-dependent manner . These WAT-derived cells potentiate the supportive properties of the tumour microenvironment as witnessed by increased tumour vascularisation, as well as survival and proliferation of neighbouring malignant cells. In animal studies, administered ASC engraft tumours, which results in accelerated cancer progression (Zhang et al, 2009; Kidd et al, 2012; MartinPadura et al, 2012) . Subsequent studies (Zhang et al, 2009 Martin-Padura et al, 2012; Orecchioni et al, 2013) suggest that increased vascularisation and adipogenesis promoted by ASC supports survival and proliferation of neighbouring malignant cells. Recent findings by us and others also suggest the role of WAT-derived stroma in cancer metastasis (Martin-Padura et al, 2012; Nowicka et al, 2013; Orecchioni et al, 2013; Rowan et al, 2014) .
LIPOFILLING AND BREAST CANCER RELAPSE: IS IT SAFE?
The emerging data on the role of WAT cells in several types of neoplastic lesions has raised a question regarding the safety of mesenchymal stem cell therapies in cancer patients (Krumboeck et al, 2013) . Provided the considerations above, this issue is particularly relevant to lipofilling in relation to breast reconstruction, where it is mandatory to rule out that the transfer of WAT cells into the breast excisional area might have detrimental effects to the patient. In fact, the possibility that breast cancer cells might still be present in the soft tissue after radical mastectomy or in the mammary parenchima after conservative treatment cannot be completely ruled out, and the injection of WAT cells in these areas might stimulate possibly 'dormant' cancer cells. It is therefore mandatory to demonstrate that the lipofilling procedure in breast cancer patients does not increase the risk of local or distant cancer recurrences.
The oncologic safety of lipofilling was focused as subject of investigation in 2009 by the American Society of Plastic Surgeons (ASPS) in a publication by the 'ASPS Fat Graft Task Force' (Gutowski and ASPS Fat Graft Task Force, 2009) . Despite the fact that postlumpectomy and postmastectomy are clearly included in the indications for autologous WAT cell graft, the task force did not investigate or discuss adipocyte-stroma-cancer cell interactions in the context of development of local or metastatic recurrences. In the ASP task force project, we found only 6 out of 111 cited literature references that mentioned the potential impact of WAT cell autologous transfer on breast cancer detection, and none of these specifically investigated breast cancer incidence or recurrence. On the other hand, the task force also stated that 'based on a limited number of studies with few casesy no interference with breast cancer detection has been observed; however, more studies are neededy'.
A review of the literature published by Chan et al (2008) found only eight studies documenting clinical results. Only three had more than 50 patients and 436 months follow-up. Only two studies assessed the usefulness of fat grafting in reconstructive breast surgery. The discussion was focused only on complications of the technique and on the risk of microcalcifications occurring after fat transfer. No information was given on the local recurrence risk. A more recent systematic review by Krastev et al (2013) concluded that only 9 articles out of 269 mentioned an oncologic follow-up but only one with a match controlled group.
A match cohort study was performed at the European Institute of Oncology in Milan, Italy and gave rise to two different publications. In the first one, 321 consecutive patients operated for a primary breast cancer between 1997 and 2008 who subsequently underwent lipofilling for reconstructive purpose were compared with a matched control group of 642 patients with similar characteristics who did not undergo lipofilling and breast reconstruction with autologous WAT . Eightynine percent of the tumours were invasive. Median follow-up was 56 months from the primary surgery and 26 months from the lipofilling. Any event involving a local reappearance, such as local relapse or locoregional relapse or local relapse with synchronous metastases, was counted as local event (LE). Any other type of event was counted as a competing event. Eight and 19 patients had an LE in the lipofilling and control group, respectively, leading to comparable cumulative incidence curves (P ¼ 0.792; hazard ratio for lipofilling vs no lipofilling ¼ 1.11 (95% confidence interval 0.47-2.64)). These results were confirmed when patients undergoing quadrantectomy and mastectomy were analyzed separately and when the analysis was limited to invasive tumours. Based on 37 cases, the lipofilling group resulted at higher risk of LEs when the analysis was limited to intraepithelial neoplasia. In light of these observations, the same group published another paper focusing specifically on intraepithelial neoplasia, investigating 59 patients who had undergone lipofilling, with no recurrence between primary surgery and lipofilling . A control group included 118 matched patients with the corresponding recurrence-free intervals. Both groups were also matched for main breast cancer-related criteria. An LE was the primary end point, with follow-up starting from the baseline.
Median follow-up was 63 and 66 months from surgery, and 38 and 42 months from baseline, for the lipofilling and control groups, respectively. The 5-year cumulative incidence of LE was 18% and 3% (P ¼ 0.02). The LE was invasive in one case, invasive and in situ in three cases and pure in situ in five cases. The site of the LE was close to the lipofilling injection in 490% of the cases.
The strength of these studies is the statistical methodology and the particular effort to match the control groups with the study groups. The difficulty was to match the groups according to the lap times without recurrence or metastasis knowing that the lap times was different for every patient. The weakness of the studies consists in the small population size and the short follow-up. Although these results should be confirmed in a larger series of patients and a longer follow-up is warranted, these data suggest that this topic deserves further in-depth clinical observation.
CONCLUSIONS: UNMET NEEDS AND OPPORTUNITIES FOR INTERVENTION
In the current dilemma between proposing to patients an interesting clinical intervention to improve their quality of life and the emerging evidence that WAT cells used for autologous breast reconstruction might have cooperative roles in breast cancer progression, we believe some actions should be taken.
First, plastic surgeons and statisticians should collaborate intensively to investigate the already available retrospective clinical data to better understand the safety of this procedure. Longer follow-up of lipofilling-treated patients are now available for in-depth retrospective investigations, and patients who are considering the lipofilling option deserve to be always and adequately informed about the risk-benefit balance. Along this line, prospective clinical studies should monitor the risk of cancer recurrence in patients treated with lipofilling procedures.
Second, the scientific community should generate better orthotopic models to investigate what WAT cell population (if any) is able to regenerate the breast without supporting, in turn, exit from dormancy of incumbent breast cancer cells. Based on these data, cell suspensions used for autologous breast reconstruction should be enriched for harmless cells and possibly depleted for other progenitors that are now known to promote breast cancer local and metastatic growth (e.g. endothelial progenitors and/or ASCs, see Orecchioni et al, 2013) . Third, therapeutic interventions might be investigated preclinically and validated in clinical trials to reduce the relapse risk in cancer patients undergoing autologous breast reconstruction with WAT cells. For instance, there is increasing evidence that obesity-related metabolic dysregulation leads to inflammation, a process that promotes cancer progression in many different ways (Hursting and Dunlap, 2012) . Thus, prevention of obesity seems particularly relevant for women who are at risk of developing cancer and undergoing lipofilling for breast reconstruction (Sirin and Kolonin, 2013 ). An indirect validation of this concept roots in the emerging data indicating that a low carbohydrate diet prevents cancer initiation and slows tumour growth in several murine models of cancer (Ho et al, 2011) .
The biguanide Metformin, a safe drug commonly used for type 2 diabetes, has shown preclinical and clinical activity against breast cancer (Gronich and Rennert, 2013 ) and deserves to be investigated for the prevention of cancer recurrence, possibly also in this setting. In fact, we have preclinical evidence of a direct effect of Metformin against the proliferation of WAT progenitors in addition to breast cancer cells (Orecchioni et al, 2014) . A number of candidate strategies and drugs might be considered in this context. Bone morphogenetic protein signalling, angiogenic pathways relying on VEGF and angiopoietin receptors, as well as chemotactic gradients regulated through CXCR1 and chemerin, are among candidates to be targeted for blunting the supporting roles of WAT progenitors in cancer Orecchioni et al, 2013 Figure 1 . White adipose tissue is a source of ASCs recruited by tumours in obese patients. Secretion of indicated adipokines by these cells is proposed to explain the link between obesity and cancer. Abbreviations: CRP, C-reactive protein; CXCL, chemokine C-X-C motif ligand; HGF, hepatocyte growth factor; IL, interleukin; IGF-1, insulin-like growth factor-1; MCP1, monocyte chemotactic protein-1; NGF, nerve growth factor; TNF, tumour necrosis factor; VEGF, vascular endothelial growth factor.
novel candidate drugs able to target WAT cells that deserve to be investigated also for the prevention of cancer recurrence (Sirin and Kolonin, 2013 (Kolonin et al, 2004 ) is being tested clinically. Recently, an ASC surface marker, DDCN, has been identified, and a hunter-killer peptide targeting ASC through DDCN has been shown to prevent renewal of white adipocytes in mice (Daquinag et al, 2014) . Future studies will be needed to test the potential of compounds targeting WAT stromal/vascular cells, or adipocytes directly, to complement conventional cancer therapies. As also suggested by Barkholt et al (2013) , we believe that there is an urgent need for retrospective and prospective clinical trials along with regulatory viewpoints to safeguard the risk of tumorigenicity in MSC-based therapies. Basic and translational researchers, plastic and breast cancer surgeons, oncologists and statisticians should collaborate together to this aim.
